Introduction {#Sec1}
============

Psoriasis is a common chronic immune-mediated inflammatory skin disease affecting 0.5--3% of the world's population, born of the complex interaction of the innate and adaptive immune systems together with a wide array of genetic pathways \[[@CR1]--[@CR4]\]. It is associated with decreased quality of life and multiple comorbid conditions, including the metabolic syndrome and cardiovascular disease \[[@CR5], [@CR6]\]. Plaque psoriasis, the most common variant of psoriasis, is characterized by well-demarcated, erythematous plaques with adherent silvery scales \[[@CR1]\]. Approximately 1.2 million patients (17%) in the US with plaque psoriasis have moderate-to-severe disease, often defined as psoriasis covering at least 10% of the body surface area or causing significant quality of life impairment \[[@CR4]\].

Although the pathogenesis of psoriasis is not completely understood, multiple environmental factors, T cells, dendritic cells, numerous cytokines, and 45 identified gene loci all interact to create the systemic psoriatic disease state and ultimately psoriatic plaques \[[@CR1], [@CR7]\]. Affected keratinocytes activate dendritic cells, which then travel to local lymph nodes and release several cytokines including interleukin (IL)-12 and IL-23, which activate type 1 T helper (T~h~1) and type 17 T helper (T~h~17) cells, respectively \[[@CR8]\]. T lymphocytes and other cell types release additional cytokines, including tumor necrosis factor (TNF)-α, IL-22, and IL-17, leading to increased keratinocyte activation and the initiation of a self-propelled cycle of inflammation \[[@CR1], [@CR9]\]. Although earlier models focused on T~h~1 cells as the central cell type for psoriasis pathogenesis, newer models focus on the IL-23/T~h~17 axis \[[@CR9]\]. In this model, IL-17 is secreted by T~h~17 cells and is seen as one of the most important cytokines in psoriasis, while IL-23 drives T~h~17 cell activation \[[@CR9]\].

Recent research indicates that both IL-23 and IL-17 play important, and perhaps integral, roles in the development of psoriatic plaques \[[@CR8], [@CR10], [@CR11]\]. IL-23 is a pro-inflammatory cytokine produced predominately by inflammatory myeloid cells \[[@CR12]\]. IL-23 is heterodimer comprised of a p40 subunit, which it has in common with IL-12, and a p19 subunit unique to IL-23. IL-23 signals via the IL-23R and IL-23Rβ1 receptors \[[@CR12]\]. As such, the success of IL-12/23p40 antagonists in treating plaque psoriasis is likely the result of a decrease in IL-23 rather than IL-12, as evidenced by increased IL-12/23p40 and IL23p19 in psoriatic plaques but no corresponding increase in IL-12p35 \[[@CR9]\]. IL-23, in the presence of IL-6 and transforming growth factor (TGF)-β, stimulates the differentiation of T cells to T~h~17 cells and plays an integral role in the survival of these cells \[[@CR12]--[@CR14]\]. This stimulation of T~h~17 cells leads to an increase in the release of IL-17 \[[@CR8]\].

IL-17 secreting T cells, including T~h~17 cells and others, play an important role in the regulation of the adaptive and innate immune systems as well as the pathogenesis of psoriasis \[[@CR8]\]. The primary cytokines produced by T~h~17 cells are those of the pro-inflammatory IL-17 family, including IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F \[[@CR11], [@CR14], [@CR15]\]. IL-17A and IL-17F are similar and bind to the same IL-17 receptor, a heterodimer comprised of a IL-17RA and a IL-17RC subunits \[[@CR15]\]. IL-17A plays an important role in immunologic defense against extracellular pathogens and in the pathogenesis of different immune-mediated diseases, including psoriasis \[[@CR15]\]. IL-17 has several different functions including neutrophil recruitment, induction of a T~h~2 response that protects against extracellular organisms, stimulation of macrophages to produce IL-1β and TNF-α, and induction of inflammatory mediators such as matrix metalloproteinases (MMPs) \[[@CR15]\].

In addition to its production by T~h~17 cells, IL-17 is also produced by γδ T cells, neutrophils, and mast cells \[[@CR16]\]. A small study using immunofluorescence in human skin suggested that mast cells and neutrophils may play a substantial role in the release of IL-17 when compared to T~h~17 cells, as there are more mast cells and neutrophils producing IL-17 in psoriatic plaques than T~h~17 cells \[[@CR16]\]. It has been suggested, with some controversy, that the success of other immune modulating therapies, including cyclosporine and TNF-α antagonists, may represent the indirect effects of those therapies on the downstream IL-23/T~h~17 axis, producing an indirect decrease in IL-17 \[[@CR10]\].

In the last three decades, the development of several highly effective biologic drugs has revolutionized the treatment of moderate-to-severe plaque psoriasis. These medications are a reflection of our increased understanding of psoriasis pathogenesis, including the central importance of IL-23, and IL-17. There are five biologic therapies for moderate-to-severe plaque psoriasis currently approved by the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA). These include three TNF-α antagonists (adalimumab, etanercept, and infliximab), one IL-12/23p40 inhibitor (ustekinumab), and a recently approved IL-17A inhibitor (secukinumab). With recent data specifically highlighting the importance of IL-23 and IL-17, the focus has shifted to the development of additional biologic drugs targeting these cytokines \[[@CR11], [@CR13], [@CR17]\]. Several additional biologic medications targeting IL-23 and IL-17 are in various phases of clinical development for moderate-to-severe psoriasis. Drugs targeting IL-23 include BI 655066, briakinumab, guselkumab, tildrakizumab, and ustekinumab. Drugs targeting IL-17 include brodalumab, ixekizumab, and secukinumab. Recent technology has been able to incorporate a TNF inhibitory agent together with an IL-17 blocking agent into a single molecule for future therapeutic research potential (see Table [1](#Tab1){ref-type="table"}) \[[@CR18], [@CR19]\].Table 1Biologic drugs targeting IL-23 and IL-17DrugDrug companyDrug typeTargetCurrent status for plaque psoriasisUstekinumab (Stelara^®^, CNTO1275)JanssenHuman monoclonal antibodyP40 subunit of IL-23 and IL-12ApprovedBriakinumab (ABT 874)AbbottHuman monoclonal antibodyP40 subunit of IL-23 and IL-12TerminatedTildrakizumab (MK-3222)MerckHumanized monoclonal antibodyp19 subunit of IL-23Phase IIIBI 655066Boehringer\
IngelheimMonoclonal antibodyp19 subunit of IL-23Phase IIGuselkumab (CNTO 1959)JanssenHuman IgG1λ monoclonal IL-23 antibodyp19 subunit of IL-23Phase IIISecukinumab (Cosentyx^®^, AIN457)NovartisHuman monoclonal antibodyIL-17AApprovedIxekizumab (LY2439821)Eli LillyHumanized monoclonal antibodyIL-17APhase IIIBrodalumab (AMG 827)Amgen/AstraZeneca/ValeantHuman monoclonal antibodyIL-17 receptor ANo ongoing studiesABT-122AbbVieDual variable domain antibodyIL-17 and TNF-αPhase II*IL* interleukin, *TNF* tumor necrosis factor

The most common methods for clinical assessment in clinical trials for psoriasis are the Psoriasis Assessment and Severity Index (PASI) score and the Physicians Global Assessment (PGA). The PASI score rates psoriasis on a scale of 0--72 based on the erythema, induration, and scale of the plaques weighted by body surface area, with higher scores representing more severe disease and a PASI score of 12 representing the minimal score to qualify for clinical trials for moderate-to-severe disease. Clinical trial study endpoints often assess the percentage of patients who achieve a 75% reduction in PASI score, termed PASI 75, or a 90% decrease in PASI, termed PASI 90. A low PASI score at the end of a study may better represent a good response, however, as patients with a lower score at the beginning of the study may be less likely to reach a PASI 90. The PGA is typically a scale from 0 to 5 with 0 representing "Clear" and 5 representing "Severe disease".

Methods {#Sec2}
=======

The objective of this paper is to provide a concise review of the current biologic therapies for moderate-to-severe plaque psoriasis that target IL-23 and IL-17. A literature review, undertaken by the authors, searched PubMed for articles in English using the following key words: IL-17, IL-23, psoriasis, BI-655066, briakinumab, brodalumab, guselkumab, ixekizumab, secukinumab, tildrakizumab, and ustekinumab. Duplicate articles were removed, and 832 article titles were reviewed. Of these, the abstracts for 403 articles were reviewed. Of these, 234 articles were selected for further review. Our paper focuses on the most recent phases of relevant clinical trials. This was not a systematic review, and not all results can be directly compared to each other, due to differing study specifics, methodology, endpoints, and objectives. This article is based on previously conducted studies, and does not involve any new studies of human or animal subjects performed by any of the authors.

Drugs Targeting the p40 Subunit of IL-12 and IL-23 {#Sec3}
==================================================

Ustekinumab {#Sec4}
-----------

Ustekinumab (Stelara^®^; Janssen Biotech, Inc.), a fully human IgG1/κ monoclonal antibody that binds to the shared p40 subunit of IL-12 and IL-23, was approved in the US and Europe in 2009 for moderate-to-severe plaque psoriasis in patients who are candidates for phototherapy or systemic therapy \[[@CR20], [@CR21]\]. This approval was expanded in 2013 to include the indication psoriatic arthritis \[[@CR20]\]. The binding of ustekinumab to the p40 subunit of IL-12 and IL-23 prevents these cytokines from interacting with their shared cell-surface receptor chain, IL-12β1 \[[@CR20]\]. Ustekinumab is administered via subcutaneous injection, with patients ≤100 kg receiving 45 mg, and those \>100 kg receiving 90 mg. It is dosed at week 0 and week 4, and thereafter every 12 weeks \[[@CR20]\].

### Clinical Trials {#Sec5}

Based on data from several clinical trials and post-marketing registries, ustekinumab is safe and efficacious in the treatment of moderate-to-severe plaque psoriasis \[[@CR22]--[@CR26]\]. In PHOENIX-1 and PHOENIX-2 (ClinicalTrials.gov identifiers, NCT00267969 and NCT00307437, respectively), two phase III, parallel, double-blind, placebo-controlled studies, ustekinumab was effective in treating plaque psoriasis at 45 mg and 90 mg doses given every 12 weeks. PASI 75 was achieved in 66.7--67.1% of subjects taking a 45 mg dose, 66.4--75.7% of subjects taking 90 mg, and 3.1--3.7% of those on placebo at 12 weeks \[[@CR23], [@CR24]\]. In a randomized, active comparator study, where investigators were blinded to treatment arms, but subjects were unblinded, ustekinumab at both 45 mg and 90 mg doses at week 0, 4, and every 12 weeks thereafter was shown to be more effective than 50 mg etanercept twice weekly based on the percent of subjects achieving PASI 75 at 12 weeks: 67.5% on 45 mg ustekinumab, 73.8% on 90 mg ustekinumab, and 56.8% on etanercept \[[@CR25]\]. Subjects taking ustekinumab were also more likely to have PGA scores of 0 or 1 at week 12: 65.1% of the 45 mg treatment arm, 70.6% of the 90 mg treatment arm, and 49.0% of the etanercept treatment arm \[[@CR25]\].

In a phase IV, open-label, parallel-group, randomized clinical trial, patients with inadequate response to methotrexate 10--25 mg weekly (PASI ≥10), were randomized to receive ustekinumab (45 mg every 12 weeks if ≤100 kg, and 90 mg every 12 weeks if \>100 kg) with immediate withdrawal of methotrexate or with a 4 week overlapping tapering dose of methotrexate \[[@CR27]\]. Efficacy and safety parameters were similar in the two treatment groups \[[@CR27]\]. These results were not compared with transitioning to ustekinumab after a washout period.

### Other Studies {#Sec6}

A retrospective analysis of over 100 patients taking ustekinumab with a median follow up period of 31 months found that 57% of patients on ustekinumab monotherapy maintained adequate clearance (defined as PASI 90) at the last available follow up visit \[[@CR28]\]. Furthermore, after five continuous years of follow up based on data from two large clinical trial extensions, no increase in adverse events was observed with treatment up to five years, with no positive or negative effects in cardiovascular outcomes \[[@CR22], [@CR29]\]. Based on registry data of over 12,000 patients, ustekinumab does not increase the risk of malignancy, major adverse cardiovascular events (MACE), serious infections, or mortality and has been shown by multiple registries (BADBIR, Danish, and PSOLAR) to be the biologic agent least likely to be discontinued \[[@CR26], [@CR30], [@CR31]\].

Briakinumab {#Sec7}
-----------

Briakinumab (ABT-874; Abbott Laboratories) was another fully human monoclonal antibody specific for the shared p40 subunit of IL-12 and IL-23. In 2011, after phase III trials, Abbott Laboratories discontinued all clinical trials and withdrew their application for approval after concern of a possible increased risk for MACE, defined as myocardial infarction, cerebrovascular accident, and cardiac death \[[@CR32]\]. There are no clinical trials currently ongoing relating to this drug.

### Clinical Trials {#Sec8}

Before its development was discontinued, briakinumab showed significant promise in phase III trials \[[@CR33]\]. In a randomized, double-blind, placebo-controlled study, 80.7% of subjects receiving briakinumab achieved PASI 75 at 12 weeks, compared to 4.5% of patients on placebo \[[@CR33]\]. In this same study, subjects were randomized to receive 100 mg every 4 or every 12 weeks. At 52 weeks, 79.2% of those receiving 100 mg every 4 weeks achieved a PGA of 0 or 1, and 41.6% of those receiving 100 mg every 12 weeks achieved a PGA of 0 or 1. Serious infections (five versus one event on briakinumab and placebo, respectively), non-melanoma skin cancers (ten versus zero events), and MACE (seven versus zero events) were more common in those on briakinumab than placebo. A statistically significant p value was not reported for any of these data points \[[@CR33]\].

In two separate 12 week phase III, randomized, placebo-controlled studies, briakinumab (200 mg at week 0 and 4 followed by 100 mg at week 8) was shown to have superior efficacy compared to etanercept (50 mg twice weekly) and placebo: PGA 0/1: 70.1--72.7% briakinumab, 29.5--39.7% etanercept, and 2.9--4.2% placebo; PASI 75: 80.6--81.9% briakinumab, 39.6--56.0% etanercept, and 6.9--7.4% placebo \[[@CR34], [@CR35]\].

When compared to methotrexate, briakinumab was more effective with a faster onset of efficacy \[[@CR36]\]. In a 24-week, randomized, double-blind study with a 52-week open-label extension, subjects were randomized 1:1 to receive methotrexate (5 mg weekly titrated up to 25 mg weekly in subjects not reaching PASI 75) or briakinumab 200 mg at week 0 and 4, and 100 mg every 4 weeks thereafter. At week 24, PASI 75 was achieved in 81.8% of subjects on briakinumab and 39.9% of subjects on methotrexate. At week 52, 66.2% of subjects on briakinumab and 23.9% of subjects on methotrexate maintained a PASI 75 response \[[@CR36]\]. A PGA of 0 or 1 was achieved at week 24 in 80.5% of briakinumab subjects and 34.4% methotrexate subjects, and was maintained at 52 weeks in 63.0% briakinumab subjects and 20.2% methotrexate subjects \[[@CR36]\]. Serious adverse events were reported in 9.1% of subjects in the briakinumab arm and 6.1% of subjects in the methotrexate arm, but this difference was not statistically significant \[[@CR36]\].

Drugs Targeting the p19 Subunit of IL-23 {#Sec9}
========================================

Tildrakizumab {#Sec10}
-------------

Tildrakizumab (MK-3222, Merck & Co.) is a humanized IgG1κ monoclonal antibody that targets the unique p19 subunit of IL-23 \[[@CR37]\]. It has no affinity for IL-12.

### Clinical Trials {#Sec11}

A randomized, double-blind, phase IIb clinical trial revealed that tildrakizumab was effective in treating moderate-to-severe plaque psoriasis. Each participant was randomized to receive tildrakizumab (5, 25, 100, or 200 mg) or placebo via subcutaneous injection every 12 weeks after two initial doses at weeks 0 and 4 \[[@CR37]\]. At week 16, the proportion of subjects achieving PASI 75 was significantly higher at all doses when compared to placebo: 33.3% on 5 mg, 64.4% on 25 mg, 66.3% on 100 mg, and 74.4% on 200 mg, compared to 4.4% on placebo \[[@CR37]\]. The final drug dose was given on week 40, and the participants were followed until week 72. Tildrakizumab demonstrated a low rate of relapse after cessation of therapy, with only 3.6% of the participants who achieved PASI 75 at week 52 on any dose of tildrakizumab relapsing before week 72 \[[@CR37]\]. Phase III studies are in progress \[[@CR38], [@CR39]\].

BI-655066 {#Sec12}
---------

BI-655066 (Boehringer Ingelheim) is a high affinity monoclonal antibody targeting the p19 subunit of IL-23 and is currently in development for moderate-to-severe psoriasis and Crohn's disease.

### Clinical Trials {#Sec13}

A phase I, proof-of-concept study of BI-655066 demonstrated a similar frequency of side effects with varying doses of BI-655066 compared to placebo \[[@CR40]\]. The most common side effects were mild-to-moderate upper respiratory infections, mild nasopharyngitis, and mild-to-moderate headache \[[@CR40]\]. After a single intravenous or subcutaneous dose, PASI 75 was achieved in 87% of subjects, PASI 90 in 58% of subjects, and PASI 100 in 16% of subjects \[[@CR40]\]. Phase II trials have been completed, and publication of results is pending. Additional trials are ongoing \[[@CR41]\].

Guselkumab {#Sec14}
----------

Guselkumab (CNTO 1959, Janssen Research and Development) is a fully human IgG1λ monoclonal IL-23 antagonist targeting the unique p19 subunit of IL-23 \[[@CR42]\].

### Clinical Trials {#Sec15}

In a phase II, randomized, double-blind, placebo-controlled, dose-ranging, active-comparator study, patients randomized to guselkumab were significantly more likely to achieve a PGA score of 0 (clear) or 1 (almost clear) at 16 weeks when compared to placebo: 34% in the 5 mg dose group, 61% in the 15 mg dose group, 79% in the 50 mg dose group, 86% in the 100 mg dose group, 83% in the 200 mg dose group, and 7% in the placebo group. At 16 weeks, a score of 0 or 1 on the PGA was seen in 58% of patients randomized to adalimumab, which was significantly lower than the 50, 100, and 200 mg doses of guselkumab \[[@CR42]\]. PASI 75 at 16 weeks was significantly higher in those taking all doses of guselkumab compared to placebo: 44% in the 5 mg dose group, 76% in the 15 mg dose group, 81% in the 50 mg dose group, 79% in the 100 mg dose group, 81% in the 200 mg dose group, and 5% in the placebo group. Seventy percent of patients treated with adalimumab achieved PASI 75, and the statistical significance of this compared to guselkumab was not reported \[[@CR42]\]. In this study, efficacy was demonstrated with guselkumab as early as 4 weeks after the first dose \[[@CR42]\]. Larger, phase III trials are currently underway \[[@CR43]--[@CR45]\].

Drugs Targeting IL-17 {#Sec16}
=====================

Secukinumab {#Sec17}
-----------

Secukinumab (Cosentyx^®^, Novartis Pharma AG) is a fully human anti-IL-17A IgG1κ monoclonal antibody \[[@CR46]\]. In 2015, it was approved in the US and in Europe as a first line drug for the treatment of moderate-to-severe plaque psoriasis \[[@CR21], [@CR47]\]. Cosentyx is administered subcutaneously with a 300 mg dose at weeks 0, 1, 2, 3, 4, and every 4 weeks thereafter \[[@CR47]\]. A 150 mg dose is also approved for use \[[@CR47]\]. Although many of the biologic drugs approved for psoriasis are also approved for Crohn's disease, in a randomized, double-blind, placebo-controlled, proof of concept study, secukinumab was ineffective in treating Crohn's disease and was associated with increased side effects \[[@CR48]\].

### Clinical Trials {#Sec18}

In two phase III, double-blind 52-week trials for moderate-to-severe plaque psoriasis, secukinumab demonstrated a PASI 75 in 67.0--71.6% of patients with a 150--mg dose and 77.1--81.6% of patients with 300 mg dose; both superior to the 4.5--4.9% of patients achieving PASI 75 on placebo \[[@CR46]\]. These results were also superior to the 44% of patients on 50 mg etanercept twice weekly for 12 weeks then weekly thereafter that achieved a PASI 75 \[[@CR46]\]. Patients achieved a PGA score of 0 (clear) or 1 (almost clear) at 12 weeks in 51.1--51.2% of patients taking 150 mg and 62.5--65.3% of patients taking 300 mg, 27.2% of patients on a 50 mg etanercept twice weekly, and 2.4--2.8% of patients on placebo \[[@CR46]\]. In the FEATURE study (ClinicalTrials.gov identifier, NCT01555125), a 12-week randomized, double-blind, placebo-controlled, parallel group phase III trial 75.9% of subjects on 300 mg secukinumab, 69.5% of subjects on 150 mg secukinumab, and 0% of subjects on placebo achieved PASI 75 at week 12 \[[@CR49]\]. In the same study, 69.0% of subjects on 300 mg, 52.5% of subjects on 150 mg, and 0% of subjects on placebo achieved a score of 0 or 1 on the 2011 modified Investigator's Global Assessment \[[@CR49]\]. This study also reported high usability of a prefilled syringe with a safety profile similar to previous studies \[[@CR49]\].

A study comparing retreatment-as-needed secukinumab versus fixed-interval secukinumab was unable to show a statistically significant difference between the two dosing methods, although the rates of those achieving and maintaining PASI 75 were numerically higher in the fixed-interval group \[[@CR50]\]. The most common side effects associated with this drug are nasopharyngitis, headache, and upper respiratory infections, which are similar to other biologic drugs \[[@CR46]\].

In the CLEAR study (ClinicalTrials.gov identifier, NCT02074982), a randomized controlled trial comparing secukinumab to ustekinumab, secukinumab showed superior efficacy, with 79.0% of subjects and 57.6% of subjects reaching PASI 90 at 16 weeks in the secukinumab and ustekinumab groups, respectively \[[@CR51]\]. Additionally, PASI 100 (complete clearance) at 16 weeks was achieved by a significantly higher proportion of subjects receiving secukinumab versus ustekinumab: 44.3% compared to 28.4% \[[@CR51]\].

Ixekizumab {#Sec19}
----------

Ixekizumab (Eli Lily) is a monoclonal antibody specific for IL-17A.

### Clinical Trials {#Sec20}

Two phase III studies for moderate-to-severe plaque psoriasis with 80 mg doses given every 2 or 4 weeks show a 77.5--89.7% achievement of PASI 75 at 12 weeks, which is significantly higher than the 41.6--53.4% of patients achieving PASI 75 on the active comparator, etanercept (50 mg twice weekly) \[[@CR52]\]. Additionally, 30.8--40.5% of the patients achieved PASI 100 (complete clearance) at 12 weeks \[[@CR52]\]. High levels of response were maintained through 60 weeks of treatment \[[@CR52]\]. The most common adverse events seen in these trials were nasopharyngitis and injection site reactions, with rates and severity comparable to etanercept \[[@CR52]\]. Additional studies are ongoing.

Drugs Targeting IL17RA {#Sec21}
======================

Brodalumab {#Sec22}
----------

Brodalumab (AstraZeneca) is unique among the biologic drugs targeting IL-17, as it is a fully human monoclonal antibody targeting the IL-17 receptor A (IL-17RA) rather than the IL-17A cytokine itself \[[@CR53]\]. It inhibits binding of several members of the IL-17 cytokine family, including IL-17A and IL-17F, to the receptor \[[@CR53]\]. In May 2015, Amgen announced that it would no longer be co-developing and commercializing brodalumab with AstraZeneca due to concerns over increased suicidal ideation and behavior \[[@CR54]\]. In September 2015, AstraZeneca stated that it will partner with Valeant Pharmaceuticals International Inc. for further development and commercialization of brodalumab, and Valeant will submit EU and US regulatory filings in the fourth quarter of 2015 \[[@CR55]\].

### Clinical Trials {#Sec23}

Before Amgen terminated its development and commercialization, brodalumab was undergoing phase III trials for moderate-to-severe plaque psoriasis, as well as clinical trials for psoriatic arthritis and axial spondyloarthritis \[[@CR54]\]. Brodalumab showed promising results at 12 and 120 weeks in a phase II, randomized, double-blind, placebo-controlled study with an open-label extension period. At 12 weeks, 95% subjects achieved a PASI 75, 85% achieved PASI 90, and 63% achieved PASI 100. At 120 weeks 86% maintained PASI 75, 70% maintained PASI 90, and 51% maintained a PASI 100 \[[@CR56]\]. A subset analysis of the phase II data revealed similar efficacy and patient reported outcomes despite co-existence of psoriatic arthritis or prior biologic use \[[@CR57]\]. Three randomized, placebo-controlled phase III studies, AMAGINE-1™, AMAGINE-2™, and AMAGINE-3™ (ClinicalTrials.gov identifiers, NCT01708590, NCT01708603, and NCT01708629, respectively), were underway at the time that Amgen announced that it would no longer be pursuing development of brodalumab. Together these studies found the following rates of PASI 75 achievement at 12 weeks: 83--86% of subjects on 210 mg, 60--69% on 140 mg, 3--8% on placebo, and 69--70% on the active comparator ustekinumab \[[@CR58]--[@CR60]\]. Additionally, brodalumab at both doses was numerically superior to ustekinumab in achieving complete clearance (PASI 100), but statistical significance of this difference was not consistently achieved: 37--44% in 210 mg dose, 26--27% in 140 mg dose, 0.3--1% in placebo, and 19--22% in ustekinumab \[[@CR60]\].

Conclusions {#Sec24}
===========

Both IL-23 and IL-17 are promising targets in the treatment of moderate-to-severe plaque psoriasis. Biologic drugs targeting these cytokines and their receptors have proven to be effective and safe in clinical trials and have offered greater efficacy than pre-existing biologics, as evidenced by large proportions of patients achieving not only PASI 75 but also PASI 90 and PASI 100. It is important to be vigilant in following the safety profile of these drugs both in clinical trials and in post-marketing registries to ensure their long-term safety.
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